Z-phenylacetaldoxime (Z-PAOx) degrading bacterium, identified as Bacillus sp. strain OxB-1, was isolated from soil after 2 months acclimation. The enzyme involved in the degradation of Z-PAOx was induced by the aldoxime and required FMN for its activity. The enzyme was partially purified from the cell-free extract of the strain and shown to catalyze the stoichiometric dehydration reaction of Z-PAOx to form phenylacetonitrile (PAN). Activities of nitrilase and amidase acting on PAN and phenylacetamide (PAAm), respectively, to form phenylacetate (PAA) were found in the strain grown on Z-PAOx. This is the first report of aldoxime dehydratase co-existing with nitrile degrading enzymes in bacteria. z
Introduction
Aldoximes are considered to be intermediates in the biosynthesis of certain biologically active compounds such as indoleacetic acid, cyanogenic glucosides, and glucosinolates in plants [1, 2] , however, very little is known about aldoxime degrading enzymes: the enzyme has never been puri¢ed to homogeneity and characterized in detail [3^5] . Dehydration of aldoximes is one of the most useful methods for synthesis of nitriles although many of these require harsh conditions [6, 7] . Aldoximes are easily prepared from aldehyde and hydroxylamine. We focused on the aldoxime dehydration enzymes, not only to study the microbial metabolism of aldoximes in nature but also to apply the enzymatic dehydration of aldoximes for organic synthesis.
Nitriles are converted to useful amide and carboxylic acid by nitrile degrading enzymes i.e. nitrile hydratase and nitrilase. These enzymes have become well investigated and applied to industrial use. We have isolated various nitrile degrading microorganisms such as Rhodococcus rhodochrous (formerly Arthrobacter sp.) I-9 and J-1 [8] , Pseudomonas chroloraphis B23 [9] , etc. We discovered, puri¢ed, characterized, and named nitrile hydratase from R. rhodochrous J-1 [10] . Despite the importance of nitrile degrading enzymes for industrial use [11] , there has been no report concerning the biosynthesis of nitrile compounds and the physiological function of the enzymes. The relationship of aldoxime dehydratase with nitrile degrading enzymes has recently been the focus of intense research.
In this report, we describe the isolation and identi¢cation of Z-PAOx degrading bacterium, Bacillus sp. strain OxB-1, from soil. We studied the enzymes involved in the metabolism of the aldoxime and identi¢ed a novel aldoxime dehydratase (Fig. 1) . The cultivation conditions for the production of ZPAOx degrading enzyme activity and the role of the enzyme in nitrile metabolism were also examined.
Materials and methods

Materials
I H and IQ C-NMR spectra were recorded by JEOL EX-400 or LA-400 spectrometers (Tokyo, Japan) with tetramethylsilane as an internal standard. Meat extract was obtained from Kyokuto (Tokyo, Japan), and Polypepton and yeast extract were from Nippon Seiyaku (Tokyo, Japan). HPLC column ODS-80Ts was purchased from Tosoh Corp. (Tokyo, Japan). All other chemicals were of commercial sources and used without further puri¢ca-tion.
Synthesis of aldoximes
Aldoximes were prepared by the reaction of hydroxylamine with aldehydes. To a vigorously stirred 1 M solution of aldehyde in toluene or Et P O, an equal volume of 2 M hydroxylamine solution (pH 7.0) was added at 0³C. After 2 h, the reaction product was extracted with toluene or Et P O, dried over anhydrous Na P SO R , and evaporated in vacuo. Recrystallization from iPr P O/petroleum ether, column chromatographies on silica gel, or distillation gave aldoximes in moderate yields [7, 8] . Arylacetaldehydes were prepared by diisobutylaluminium hydride reduction of arylacetonitriles in THF.
Isolation of Z-phenylacetaldoxime degrading microorganisms and growth conditions
A screening medium which consisted of 1.0% of meat extract, 1.0% of Polypepton, 0.5% of yeast extract, 0.5% of NaCl (pH 7.0), and 0.05% of Z-PAOx was used to isolate Z-PAOx degrading microorganisms. One gram of soil sample collected in Toyama Prefecture, Japan, was added to 5 ml of the medium and incubated with shaking at 30³C. Half of the supernatant was removed by decantation and the same volume of fresh medium was added. This operation was repeated every 2^3 days and the disappearance of the substrate was monitored by TLC (hexane/AcOEt = 7/3). When Z-PAOx started to be consumed after 2 months of acclimation, the supernatant of the culture was spread onto an agar plate made of the same medium.
The basal medium for the optimalization of culture conditions consisted of 2 g of K P HPO R , 1 g of NaCl, 0.2 g of MgSO R W7H P O, 0.5 g of yeast extract, and 10 ml each of vitamin mixture and trace element solution [12] in 1000 ml of tap water (pH 8.0).
Enzyme assay and de¢nition of units for Z-phenylacetaldoxime dehydratase
A standard assay solution containing 50 Wmol of potassium phosphate bu¡er (KPB, pH 7.0), 125 nmol of FMN and the enzyme solution in a total volume of 500 Wl was used. After 1 min of incubation at 30³C, the reaction was started by the addition of 2.5 Wmol of Z-PAOx and incubated at 30³C for 10 min. The reaction was stopped by an addition of 500 Wl of 0.5 M of KH P PO R -H Q PO R bu¡er (pH 3.0) and the supernatant was obtained by centrifugation (18 000Ug, 10 min). The reaction product in the supernatant was determined by high pressure liquid chromatography (HPLC; Waters) at 254 nm, with an ODS-80Ts column (4.6U150 mm) at a £ow rate of 1.0 ml/min using an elution solvent consisting of 10 mM of H Q PO R in 40% acetonitrile (v/v). Nitrilase, nitrile hydratase, and amidase activities were analyzed by the formation of phenylacetate (PAA), phenylacetamide (PAAm), and PAA from phenylacetonitrile (PAN), PAN, and PAAm, respectively. One unit of the enzyme activity was de¢ned as the amount of the enzyme that catalyzed the consumption of the substrate or the formation of the product at a rate of 1 Wmol min 3I . Protein concentrations were determined with a Bio-Rad protein assay kit (Bio-Rad, USA) [13] with bovine serum albumin as a standard or by measuring the absorbance at 280 nm.
Partial puri¢cation of an enzyme catalyzing Z-PAOx dehydration reaction
Potassium phosphate bu¡er (pH 7.0), containing 0.5 mM of 2-mercaptoethanol was used throughout the puri¢cation. The washed cells of the strain grown in 3 l of the screening medium (pH 8.5) were suspended in 150 ml of the 0.1 M bu¡er. The cells were disrupted for 15 min by a Kubota-Shoji 9 kHz sonic oscillator and centrifuged (16 000Ug, 25 min) to remove the disrupted cells. The pellet formed between 40 and 70% (NH R ) P SO R saturations, was dissolved in 0.01 M bu¡er and dialyzed against 3 changes of 10 l of the same bu¡er. The enzyme solution was applied to DEAE-Toyopearl column (5U15 cm) which was equilibrated with 0.01 M bu¡er. After the column was washed with 0.01 M bu¡er, the enzyme was eluted with 0.1 M bu¡er and the active fractions were combined.
Results and discussion
Isolation of Z-PAOx degrading microorganisms
Z-PAOx degrading microorganisms were screened from soil by an acclimation culture technique. Since the aldoxime was found to be toxic for microorganisms, nutrients such as meat extract, Polypepton, and yeast extract were added to the screening media to decrease its toxicity. A bacterial strain OxB-1, which was isolated after 2 months acclimation, was selected as a likely source for the aldoxime degrading enzyme.
Identi¢cation of the isolated strain
The taxonomical characteristics of strain OxB-1 are shown in Table 1 . Major fatty acids present were iso-tetradecanoic (5.9%), iso-pentadecanoic (66.4%), anteiso-pentadecanoic (5.6%), g-11-cis-hexadecenoic (5.0%), and g-10-cis-iso-heptadecenoic (4.0%) acids, and g-7-cis-hexadecenol (4.1%). These results suggest that the strain belongs to the group I of the genus Bacillus [14] . The partial sequencing of the 16S rDNA also showed the highest similarity with around 95% to species of the group I of the genus Bacillus [15] , but no species of these type strains shows the same characteristics as those of strain OxB-1. Therefore, the strain could be identi¢ed as Bacillus sp. No strain in stock cultures belonging to the genus Bacillus (65 strains) could degrade Z-PAOx under any cultivation conditions tested.
Partial puri¢cation of Z-PAOx dehydratase and its reaction
An enzyme involved in the degradation of ZPAOx was partially puri¢ed about 16.4-fold with an overall yield of 46.7% up to the speci¢c activity of 0.064 (units mg 3I protein) from the cell-free extract of the strain by (NH R ) P SO R fractionation and DEAE-Toyopearl column chromatography. The enzyme activity decreased throughout the puri¢cation procedure. Among various expected additives to the enzyme, FMN was shown to restore the enzyme activity. Since FMN was inhibitory to the enzyme at high concentration, we measured the activity with 0.25 mM of FMN. Other cofactors such as ribo£a-vin, FAD, PQQ, PLP, NAD(H), NADP(H), glutathione, cysteine, ascorbic acid, dehydroascorbic acid, biotin, ATP, ADP, and AMP had no e¡ect on the enzyme activity.
As shown in Fig. 2 , the degradation of the aldoxime was examined with the partially puri¢ed enzyme. One mol of PAN was produced per mol of Z-PAOx consumed, showing that the enzyme catalyzes the stoichiometrical dehydration reaction of Z-PAOx to form PAN. Indoleacetaldoxime (IAOx) hydro-lyase from Gibberella fujikuroi is reported to be speci¢c for IAOx and activated by dehydroascorbic acid, ascorbic acid, and PLP [16, 17] . Z-PAOx dehydratase was very di¡erent from IAOx hydro-lyase because the former enzyme required FMN but not these cofactors. The enzyme seems to be one of several enzymes that require £avin and yet catalyze a reaction involving no net oxidation or reduction [18^21]. To clarify the reaction mechanism of the enzyme as`nonredox' £avoenzyme, further puri¢cation and characterization of the enzyme are in progress.
Culture conditions for the formation of Z-PAOx
dehydratase by Bacillus sp. strain OxB-1
We investigated the e¡ect of various substances added to the basal medium containing 0.05% of ZPAOx on the formation of the enzyme activity.
The enzyme activity was highest when (NH R ) P HPO R and malonate were used as nitrogen and carbon sources, respectively, and their optimal concentrations were 0.2 and 0.4%, respectively. Additions of various amino acids, metal ions, and vitamins to the basal medium at concentrations of 0.2, 0.001, 0.002%, respectively, could not increase the production of the enzyme activity. The enzyme was induced by Z-PAOx and its structural analogue, Z-3-phenylpropionaldoxime. The induction of Z-PAOx dehydratase was di¡erent from that of IAOx hydro-lyase of G. fujikuroi since the latter enzyme was constitutively produced in potato-sucrose broth [20] . The optimum concentration of Z-PAOx was 0.05%. At higher concentration ( s 0.1%) of the aldoxime, the strain required NAD(P) for its growth probably due to the inhibition of the biosynthetic pathway by the aldoxime (data not shown). The mechanism for this inhibition was not clear.
Based on these results, the basal medium (pH 8.0) containing 0.4% of sodium malonate, 0.2% of (NH R ) P HPO R , and 0.05% of Z-PAOx was optimized for the formation of the enzyme.
Enzymes involved in the metabolism of Z-PAOx
The cells of the strain grown with Z-PAOx decomposed 5 mM of Z-PAOx stoichiometrically to phenylacetate in potassium phosphate bu¡er (pH 7) at 30³C. These results indicate that the formed PAN is successively decomposed to phenylacetate by ZPAOx dehydratase and PAN degrading enzymes in the cells. To elucidate the metabolism of the nitrile in the strain, PAN degrading enzyme activities in the cells grown under optimized conditions were measured. Nitrilase (producing PAA from PAN) and amidase (PAA from PAAm) activities were detected at 126 and 248 units/liter culture, respectively, but nitrile hydratase activity (PAAm from PAN) was not. To clarify whether or not the nitrilase activity is caused by a combination of nitrile hydratase and amidase, the cell-free extract was fractionated by Butyl-Toyopearl column chromatography. As shown in Fig. 3 , Z-PAOx dehydratase, nitrilase, and amidase activities were well separated on the column. Nitrile hydratase activity could not be detected at any fractions. Previously, we discovered two pathways of nitrile hydrolysis co-existing in R. rhodochrous J-1, one is by the combination of nitrile hydratase and amidase [22] , and the other is by nitrilase [10, 23] . Bacillus sp. strain OxB-1 was shown to degrade PAN to form PAA by the action of nitrilase but not by nitrile hydratase/amidase pathway. The reason of the occurrence of amidase in the strain was not clear.
Based on the results, the metabolism of the aldoxime in the strain was estimated as follows: Z-PAOx was dehydrated to form PAN by the inducible aldoxime dehydratase and then the nitrile formed was converted into PAA by nitrilase. We report here that aldoxime dehydratase co-exists with nitrile degrading enzymes in bacteria. Our interest is focused on the relationship of aldoxime dehydratase with the nitrile degrading enzymes which are relatively widely distributed in various microorganisms including bacteria, actinomyces, yeasts and molds. Fig. 3 . An elution pro¢le of the enzymes involved in the degradation of Z-phenylacetaldoxime by Butyl-Toyopearl column chromatography. Solid (NH R ) P SO R was added to 30% saturation to the cell-free extract of the cells from a 20 l culture of the strain grown under optimized conditions. The solution was placed on a Butyl-Toyopearl 650M column (3.2U30 cm) which had been equilibrated with 10 mM bu¡er containing 30% saturated (NH R ) P SO R . After the column had been washed with 10 mM bu¡er containing (NH R ) P SO R to 30% saturation, enzyme was eluted with a linear gradient of (NH R ) P SO R (30^0% saturation). Z-PAOx dehydratase activity (a); nitrilase activity (R); amidase activity (b); protein concentration (9) .
